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Abstract 
 
Arctic homes are based on standards developed for the southern regions despite northern Canada’s unique challenges. A 
performance protocol that integrates the building envelope with other subsystems meant to optimize energy efficiency, durability 
and project delivery should improve housing standards for the region. The protocol presented in this paper  includes  key 
standards, guidelines, criteria and verification methods that are to be met through the design, construction and operational stages. 
The protocol will anticipate and address key related challenges of the region to promote a delivery system that involves all 
stakeholders, reduces delays and cost overruns by developing key sets of parameters needed for energy efficient homes. This 
paper focuses on the development and content of the protocol. 
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1. Introduction 
 
Several geographical, climatic, social and economical factors create multiple challenges to building homes in 
Northern Canada. Despite different lifestyles, and more severe weather conditions, housing is built on codes, 
regulations and standards adopted from southern regions. 
Due to the high cost of food, families rely on hunting to supplement their food sources. Unheated storage spaces, 
and partially heated (2 to 5°C) spaces are needed to skin and prepare meat. Average household sizes in the north are 
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greater than that of southern Canada [1]. High rates of overcrowding, coupled with increased airtight building 
envelopes requires improved integration of the ventilation systems for better indoor air qualities [2]. 
Buildings must withstand harsh and long arctic winters. The temperature differential between the conditioned 
space and the exterior is high. Materials need to be procured and shipped from southern ports as most communities 
lack roads. Furthermore, there is a shortage of skilled labour. As the construction industry remains a source of 
employment and empowerment, the northern governments actively encourage use of local labour. The construction 
season is short, with only a few weeks between the arrival of the shipments and winter  [3]. 
In 2010, about 35% of all occupied dwellings in Nunavut were crowded and an additional 23% needed major 
repairs [4]. There is an urgent need for improved delivery of energy efficient, durable housing in remote  cold 
regions. Some procedures exist, such as the Good Building Practice for Northern Facilities [5], however, an overall 
framework for energy efficient housing that integrates the building envelope with other subsystems to optimize 
energy efficiency, generation of energy, durability and delivery of housing is lacking. There are standards in other 
cold regions, which are progressive, such as the voluntary P-Mark system in Sweden, (it has requirements for 
airtightness, U-value and thermal comfort,) and the Greenland National Annexes, which adapts the Eurocodes to its 
special geographic and climatic conditions [6] [7]. 
Following global trends, Canadian territories put forth ambitious strategies to reduce dependencies  on  fossil 
fuels. They identified the need for improved high performance design strategies, and housing standards that better 
reflects local environment and incorporates the territories' unique challenges [8]. The objective of this research is to 
develop a protocol that integrates the building envelope with other subsystems in order to  optimize  energy 
efficiency, durability and delivery of homes to the North. Such a protocol is to address: thermal, moisture 
management, energy efficiency, optimization of passive solar design, building integrated photovoltaic/thermal 
systems, schedule and cost. The protocol should anticipate and address all relevant challenges of remote regions 
throughout its lifecycle, as well as facilitate all stakeholders in meeting the challenges of the north and reducing 
delays and cost overruns. This paper focuses on the development and content of the protocol. 
 
2. Methodology 
 
A total of 18 key parameters are being developed. The first subcategory of these parameters, passive design 
strategies, address: (1) Air tightness, (2) Moisture management performance, (3) Thermal performance, (4) 
Compatibility of materials, (5) Structural stability of building envelope, (6) Acoustic performance of building 
envelope, (7) Fire response of the building envelope and (8) Passive solar design. A second subset of parameters, 
active design strategies, addresses: (9) Energy performance, (10) HVAC systems, (11) Indoor air quality, and (12) 
Building-integrated solar energy systems. Finally, the third subset of parameters addresses the delivery of houses in 
remote northern locations. These parameters integrate human and infrastructural dimensions of the north. They  are: 
(13) Availability of labour, (14) Quality of workmanship, (15) Costs, (16) Schedule, (17) Skills and inventories,  and 
(18) Equipment. 
For each parameter, their sub-requirements and criteria needed to achieve performance levels have been 
identified. For each criterion, verification processes, such as control of design (drawings and specifications,) and/or 
calculation methods from standards and codes have been defined. 
The protocol is to be developed through several iterations. The first iteration establishes the minimum 
requirements based on standards that have been adopted within the region. The second iteration identifies current 
state of housing in the north. This is done through field research in Yellowknife, Northwest Territories where key 
performance indicators and areas of interest and challenges are identified. Benchmarked values, from the field 
research, such as assemblies’ RSI values, air change rates, south-facing window wall ratio, and thermal storage are 
to be optimized in the third iteration to further improve the energy efficiency. The fourth iteration is to refine the 
protocol by integrating standards for other northern countries, such as Greenland, Sweden and Norway. A final 
iteration of the protocol is to get feedback from local professionals and organization involved with northern housing. 
These input are valuable, and are to be integrated into the protocol. 
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3. Performance Protocol for PEMaSS Housing to Remote Regions 
 
The protocol for pre-engineered manufactured self-sustaining (PEMaSS) housing to remote regions is intended to 
be an accessible, comprehensive and simple assessment tool for various types of housing projects. Originally, the 
protocol was supposed to consider the durability and performance of building envelopes in northern climates. 
However, because of their interdependence and the different ways other sub-systems affect the overall performance 
of the building envelope, a holistic approach is needed to get better evaluation. In addition, solar passive design and 
integration of BIPV/T systems are to be evaluated to see achievability of net-zero energy homes. Presently,  long- 
term energy storage has not been studied for the north and it is expected to be challenging, so fossil fuels need to be 
imported during the cold months. 
The assessment tool is performance-based, which follows the general global trend of codes and standards moving 
away from earlier prescriptive models. Following previous research [6], it was decided to base the performance 
protocol for PEMaSS housing on the Nordic Five Level System developed by the Nordic Committee on Building 
Regulations [9]. 
Level 1 is defined by the main goals/objectives; these are the 18 selected parameters to be considered for self- 
sustaining housing in the north. To accomplish each of the main goals/objectives, a list of sub-requirements 
(functional requirements) have been developed (level 2.) A qualitative statement that establishes the needs or 
expectations of the main objective in question represents these functional requirements. Next, criteria that need to be 
met for each functional requirement are identified. The criteria for each functional requirement are level 3. The 
verification (or evaluation) methods for the needs and/or expectations for the criterion are defined at level 4. 
Verification processes are represented by calculation methods, test methods and/or verification of documents, 
such as the design drawings or specifications. Verification processes, such as the optimized window wall ratios on 
south-facing walls, are represented as a function of latitude or community. Through level 4, the designer may judge 
whether or not the criterion has been met. Sources for evaluation methods, when applicable, are presented in level 4. 
Level 5 is reserved as supplement and/or prescriptive solutions. 
This protocol is specifically developed to evaluate performance of prefabricated buildings. There has been a shift 
towards manufactured housing in the Canadian territories as they prove to be extremely beneficial in terms of 
eliminating installation errors and saving on-site labor costs. In addition, manufactured panels allow for factory 
installation of building integrated photovoltaic/thermal (BIPV/T) systems. The protocol can be adapted and used to 
evaluate conventional stick built buildings. 
The performance evaluation may be used for single-family detached, semi-detached or row homes, as well as 
multi-unit and multi-story residential buildings. The assessment tool is developed for new dwellings; it can also be 
adapted for retrofitting. 
The Protocol offers performance assessment throughout a building’s lifecycle. It is divided into three stages:   the 
(1) design stage; (2) construction stage; and (3) operation and maintenance stage. The performance check may be 
done upon the end of each stage and the design modified before proceeding to the next phase or a final evaluation 
may be done once the building has been constructed. 
Further benchmarking the proper performance criteria for the territories is a key issue. Criteria depend on its 
region, its specific construction norms, climatic conditions, laws, regulations, typical building practices and general 
construction habits. In addition, the North represents a large landmass with diverse lifestyles, climatic conditions 
with different solar availability. As the protocol is advanced, criteria need to be framed  within  each region’s 
contexts. 
Whilst there are many standards and codes that are being integrated into the protocol, it is essential  for 
researchers to counterweight proposed strategies to the feasibilities of implementing them. Governing parameters 
include availability of skilled-labour, equipment, storage facilities, and materials – these parameters help frame the 
viability of the criterion being established. 
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Fig. 1. Part of the performance protocol for PEMaSS housing to remote regions. The above figure shows the early stages of protocol’s 
development (first iteration), which has the sub-requirements, criteria and verification processes for thermal performance of the building envelope 
for the design phase. 
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The minimum criteria for each functional requirement are chosen based on local codes and  standards. The 
National Building Code of Canada (2010) established minimum requirements and formed the base of  this 
assessment tool. Successive iterations that were integrated were Canadian standard: Good Building Practice for 
Northern Facilities (Government of Northwest Territories, 2010), National Energy Code of Canada for Building 
(2011,) Natural Resources Canada’s R-2000 standard (2012), and CSA (Canadian standards); North American 
standards: The Alaskan Housing Manual (7edition,) ASTM standards and ASHRAE standards. This is the first 
iteration of the protocol, what has been completed and Figure 1 shows a part of the protocol. 
The second iteration benchmarks best practices through field research, literature review and analysis of the 
EnerGuide housing (EGH) database. The development of the Protocol is currently at this stage. EnerGuide rating is 
the official mark of Canada’s energy efficiency labeling program for lighting fixtures, cars, housing, etc. The EGH 
database is a management information tool and the central depository for tracking the energy efficiency of housing 
across Canada. When certified energy advisors carry out housing energy audits, all related information is uploaded 
into a central database. 2400 homes across Northwest Territories that are included in the EGH database are currently 
being analysed to identify typical housing characteristics including insulation levels, air tightness, window-wall 
ratio, window types and HVAC systems used (Figure 2). Interviews with builders in the North, on-site evaluation 
and occupant survey are also being carried out to help identify trends, practical challenges and issues in constructing 
energy efficient and durable housing in the North, and recognize the life style and cultural needs for community. 
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Fig. 2. RSI value of construction assemblies and energy intensity of built homes over the past 50 years in Yellowknife. Each dot represents a 
home. Lines show linear trends. 
The third iteration will focus on optimizing passive design to maximize the energy efficiency and  thermal 
comfort through modeling. Optimum south-facing window-wall ratio, insulation levels, massing, integration of 
thermal mass and solar technology such as Building Integrated Photovoltaic/Thermal will be established for the 
North. A challenge in the north is the mismatch of available solar energy and its heating season - there is almost no 
solar energy available during the winter months when heating is most needed. Building on previous research [10], 
and using climate data from different communities, guidelines on optimum passive solar design and the integration 
of BIPV/T systems are to be included in the protocol. 
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Availability of labour, equipment, and storage facilities play critical roles in the delivery of energy efficient and 
durable homes. Most remote northern communities are unable to sustain a housing market; housing is supported 
through government grants. Especially in the North, constraints such as cost, schedule, integration of local labour, 
and ease of assembly becomes important metrics to consider. The protocol is to incorporate such metrics, in the third 
iteration, through a detailed analysis of different building envelope assemblies based on local data on labour 
availabilities, equipment and storage facilities. These assemblies are to be ranked accordingly to cost, their 
hygrothermal performance, and ease of construction for selected communities. Through the third iteration, we aim to 
develop concepts for net-zero energy housing suitable for the Canadian North. 
 
4. Conclusion 
 
Current northern standards are adopted from the southern regions. To help resolve issues and challenges unique 
in the north, a performance protocol is being developed for energy efficient, durable housing whilst considering 
human and infrastructural limitations of the north. Using a holistic approach, covering thermal, moisture 
management, energy efficiency, optimization of passive solar design, building integrated photovoltaic/thermal 
systems, schedule and cost, the protocol aims to help bridge gaps between existing building standards and delivery 
of energy efficient, high performing housing for the Arctic region. The first iteration, based on regional standards 
has been completed. The protocol is currently in its second iteration. Knowledge gaps identified are: the need of 
integration of thermal storage, long-term viable solutions for energy storage, and better integration of heat recovery 
ventilation into the building systems. Future work includes optimizations for a model home for  different 
communities in the north, integration of other cold regions standards and getting feedback from the industry on the 
protocol. 
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